410                                   PHYSICS OF THE AIR
1.  The normal, at any point of the reflecting surface, and the directions of incidence, and of reflection at the foot of this normal, all he in a common plane.
2.  If the reflecting surface is flat and its every diameter large in comparison with the wave length, the reflection is regular; that is, the angle of reflection (angle between the direction of reflection and the normal to the surface at the point of reflection) is equal to the angle of incidence.
3.  Surfaces with less than wave length diameters do not regularly reflect sound, but merely scatter or diffuse it.
Echo.—It is well known that in the neighborhood of a flat, vertical wall of some size a loudly spoken word, or brief sentence, often is twice, intelligibly, heard; the first time, as coming straight from the speaker, and the second, as if coming from some invisible person in the direction of the wall. This latter sound is the familiar echo (nymph of the poets who pined away until only her voice was left) due to reflection by the wall of the incident condensations and rarefactions in the atmosphere. Parallel walls facing each other, the walls of a canyon, for instance, and separated a few hundred feet, may so reflect and re-reflect the same sound as to cause it to be distinctly heard again and again, through a long fading series. If the reflecting wall is quite irregular, or, especially, if there are walls of various shapes and distances on all sides, the multiplicity of echoes becomes jumbled into a continuous, unintelligible reverberation, a phenomenon most pronounced, perhaps, in certain caves—and auditoriums.
There are, of course, many natural phenomena due to echo, or sound reflection. Some of the more interesting are: (a) the discrete single echo; (6) the discrete multiple echo; (c) the overlapping multiple echo— reverberation; (d) the diffuse echo; due to scattering of the sound by many relatively small objects; (e) the harmonic echo; due to the greater scattering of an overtone than of the fundamental by small objects— the intensity of scattered sound, like that of light, being inversely proportional to the fourth power of the.wave length; (/) the musical echo; due to reflection from, or scattering by, a series of objects, such as stairsteps, spaced at uniformly increasing distances from the source.
Obviously, a single sound impulse, such as the crack of a whip, a clap of the hand, and the like, in front of a flight of steps, or just beyond, and a little to one side of, a row of palings, will be scattered by the successive steps, or palings, respectively, in a series of regularly spaced similar pulses. Hence, the "echo" thus produced of any sound pulse is a musical note whose pitch depends not on the parent sound, but on the spacing of the palings or width of stair treads, as the case may be, and position of the observer.
If 5 is the spacing of the pickets, or distance from center of one to the center of the next, along the path of propagation of the incident sound;

